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in  order  to  better  undentand  why  the  formation  of  (slflliminc  intermediates  facilitates  the  oxidat 
we  have  carried  out  a  computational  analysa  of  2-ammopyrimidine  (II)  and  5,S-diiitethyl-JV-<2-pyr 
We  a  bo  investigated  a  system  for  which  the  procedure  fails:  2-amino- S-nitrapyrimidine  (VI)  and  me 
(VII).  An  ab  initio  SCF  approach  (oalssian  sj)  was  used  to  compute  the  optimized  structures  an 
of  these  molecuks.  We  found  that  the  treat  negative  regions  in  the  sulflliinine  intermediates  as  ayfl  as  i 


dauon  of  some  aminoazinev 
pyfimidinyl)suirilimine  (III), 
me  corresponding  sulfilimine 
l  and  electrostatic  potentials 
as  in  the  original  aminaarincs 


arc  associated  with  one  or  both  of  the  ring  nitrogens  rather  than  the  exocydic  one  that  is  to  be  oxidized.  An  important  new 
feature  in  the  case  of  III  is  the  development  of  extensive  negative  potentials  above  and  bdtow  the  ring  plane,  which  make 
the  exocydic  nitrogen  much  more  accessible  to  electrophiles  than  it  is  in  II.  Thus  the  pogubility  of  oxidation  occurring  at 
this  site  is  significantly  greater  in  III  than  in  II.  The  presence  of  the  electron-withdrawing  *NOjin  V|  presents  the  development 
of  extensive,  relatively  strong  negative  regions  above  and  below  the  ring:  accordingly  there  does  not  occur,  in  VII.  an  analogous 
increase  in  electrophilic  accessibility  to  the  exocydic  nitrogen.  C.  ("V  a  x-  \  \  \'s 

X 


The  reactions  with  electrophiles  of  an  exocydic  -NHj  group 
on  an  aminouzinc  are  impeded  by  the  tendency  of  the  electrophile 
to  preferentially  interact  with  the  ring  nitrogen(s).1  This  ac¬ 
cordingly  represents  a  significant  obstacle  to  the  peroxy  acid 
oxidhtion  of  such  amines  to  the  corresponding  rntraro  derivatives, 
a  process  that  is  interpreted  as  involving  an  electrophilic  inter¬ 
action.1 

It  wet  suggested  that,  by  making  the  exocydic  nitrogen  suf¬ 
ficiently  negative,  this  obstacle  could  be  overcome.1  The  approach 
chosen  far  taring  this  bypetheriaww  hosed  on  an  Mtiel  conversion 
of  the  amino  group  into  a  sulfilimine: 

tcNpe 

-NHj - -N‘-*S(CHj)i 


It)  Tayiar.  E  C.  Pnmipies  of  Heterocyclic  Chemistry,  American  Cham- 
iaal  Satiny:  WasWagtee.  DC.  1974. 

(2)  Sax  tor  ssaatph.  Crto,  R .  Edwatdx  i.  O.  Orjmk  PeeosMer.  Swam. 
D.  Ed  .  WUay-lmafscttiicc  New  York,  I970;  Vet.  I.  Chapter  IV 
(I)  Taylor.  E  C  Twng.  CP:  Ramp*  1  »  J  Oeg  Chrm  IMS.  47. 552 


While  there  has  been  tome  controversy  as  to  whether  the  sulfi¬ 
limine  N-S  linkage  is  best  described  by  a  semi  polar  representation, 
as  in  I.  or  as  a  double  bond.4  it  seems  reasonable  to  anticipate 
that  the  negative  character  of  the  nitrogen  is  considerably  enhanced 
relative  to  the  original  amine. 

It  was  indeed  found  that  several  different  aminoazincs,  upon 
conversion  to  aulfiliminet,  could  be  oxidized  to  the  nitroso  com¬ 
pounds  (which  are  sometimes  unstable)  and  then  undergo  further 
transformations,  including  a  second  oxidation  step  to  the  corre¬ 
sponding  nitro  derivative.*  The  process,  as  depicted  for  2- 
aminopyrimidinc  (II).  is  shown  in  reaction  I  .*  2-Nitropyrimidinc 
(V)  was  obtained  in  33%  yield  (relative  to  III),  using  ozone  for 
the  second  oxidation. 

In  the  work  that  is  being  reported,  we  have  examined  in  detail 
the  c (Tacts  of  sulfilimine  formation  upon  the  exocydic  and  the 
ring  nitrogens,  so  as  to  achieve  a  better  understanding  of  how  this 
facilitates  the  oxidation  of  the  former.  Wc  have  also  investigated 


(4)  Oae.  S.:  Furekawa.  N.  Sml/UimlHet  eml  KeUteJ  bcriioM-ei:  ACS 
Monograph  179.  American  Chemical  Society  ttuhinfion.  DC.  |9x.t; 
Chapter  ). 
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a  ca*e  in  which  this  procedure  does  not  work:’  reaction  2.  which 
starts  with  2-amino- 3- nilropyrimidine  (VI),  leads  to  the  destruction 
of  the  heterocyclic  system.  Accordingly,  a  comparison  shall  be 
made  of  the  starting  molecules  and  the  sulfilimine  intermediates 
in  reactions  I  and  2. 


Our  approach  is  a  computational  one:  we  use  the  ab  initio 
seif-oonsistent  field  molecular  orbital  gal^sian  a  procedure.*  For 
each  molecule,  we  first  determined  its  optimized  structure  and 
then  used  this  geometry  to  calculate  the  properties  of  interest. 
Because  of  the  sizes  of  III  and  VII.  we  carried  out  the  optimi¬ 
zations  at  the  STO-3G*  level,  which  has  been  found  to  be  effective 
for  predicting  geometries.5 * 7 * 9  However,  since  this  basis  set  is  known 
to  give  poor  results  for  C-NO:  and  N-O  bond  lengths.*  we  ob¬ 
tained  these  and  the  C-N-O  angles  by  a  preliminary  6-3IG 
optimization  of  VI. 

Our  focus  in  this  study  is  upon  the  degrees  of  negative  character 
and  susceptibilities  to  electrophilic  attack  of  the  exocydic  and  ring 
nitrogens.  These  properties  can  be  analyzed  very  effectively  by 
means  of  the  electrostatic  potentials  of  the  molecules.  The  po¬ 
tential  I \7)  that  is  created  in  the  space  around  a  molecule  by  its 
nuclei  and  electrons  is  given  rigorously  by 


'p{rup 

r-A 


ZA  is  the  nuclear  charge  of  atom  A,  located  at  Aa,  and  p(f)  is 
the  electronic  density  function  of  the  molecule.  Negative  values 
of  V(F)  indicate  regions  in  which  the  effect  of  the  electrons  is 
dominant;  h  is  to  these  regions,  and  particularly  to  the  points  of 
most  negative  potential  (the  local  minima),  that  an  approaching 
electrophile  is  initially  attracted.  The  electrostatic  potential  is 
well-established  as  an  effective  tool  for  interpreting  and  predicting 
molecular  reactive  behavior.*-10 *  An  important  feature  of  V{ P) 
is  that  it  is  a  real  physical  property,  which  can  be  determined 
experimentally  as  well  as  computationally.10  In  this  work,  we  have 


Flgatv  I.  Calculated  bond  lengths  in  2-aminopyrimidine  (II).  S^-di- 
!tKlhyl-.V-(2-pynmidinyl)iulfilimine  (III).  2-amino- S-nitropyrimidinc 
(VI).  and  S.S-dimctliyl-JV-(5-nitro-2-pyrimidinyl)suiniiminc  (VII).  All 
value*  are  in  angstroms. 
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Flgsrtl.  Calculated  bond  angles  in  the  molecules  listed  in  the  caption 
to  Figure  I .  All  values  are  in  degrees. 

calculated  at  the  STO-SG  level,  using  our  optimized  mo¬ 
lecular  geometries;  it  has  been  shown  that  satisfactory  electrostatic 
potentials  are  obtained  with  ab  initio  SCF  procedures  using 
minimum  basis  sets.*-" 


(5)  Coburn,  M.  D.,  private  eoaununiceiion. 

(*)  Binkley.  J.  S.;  Frisch,  M.;  Raghevsehari.  K.;  DeFress.  0.;  Schlegel. 
M.  WhboUds.  It.;  Finder,  Seegw.  R.;  tale,  J.  A.  oacusian  si.  Rrieew 
A;  Carnegie  Mellon  University:  Pittsburgh.  PA 

(7)  Radom,  L.;  Latban.  W.  A.;  Hehre,  W.  J.;  Popie,  i.  A.  J.  Am.  Chem 
So r.  1*71,  91  3339. 

(•)  Pohuer.  P.;  DomeboUtb,  L.  N.;  Sjoberg.  P.;  Alster,  J.  Chem.  Phyi. 
Lett  KB2.  92.  366. 

(9)  (a)  Scroooo,  E.;  Tomssi,  J.  Atk.  Quantum  Chem.  1971,  II,  I  lb.  (b) 
Pobtier,  P.;  Dsiker.  K.  C.  The  Font  Concept  in  Chemistry ,  Deb,  B.  M..  Ed.: 
Van  Nostra nd-ReinltoM:  New  York,  INI;  Chapter  1. 

(10)  Pobuer,  P.;  Truhler,  D.  O.,  Eds.  Chemtco!  Applications  of  Atomic 

and Moiecnlor  Elrctrotioiic  Fotemtols;  Plenum:  New  York,  INI. 


Structures.  Our  calculated  structures  are  presented  in  Figures 


I  and  2.  For  comparison,  the  experimentally  determined  geometry 
of  unsubstituted  pyrimidine  is  also  included.12  In  general,  the 


bond  lengths  and  bond  angles  in  II  and  VI  are  quite  similar  to 


( 1 1 )  (*)  Scrooco,  E.;  Tomes).  J.  Top  Curr.  Chem.  1973. 42. 95.  (b)  OMo. 
C  ;  Tomssi.  J.  Theor.  Chlm.  Ado  1973.  JO.  1)1.  (c)  Almtof,  J.;  Stogsrd,  A. 
Chem.  Fhyt  Lett.  1974.  29. 41*. 

(12)  Ketritzky,  A.  R.  Honibook  of  Heterocyclic  Chemistry;  Perga mon 
Press  Not  York.  IN). 
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Flpn  3.  Calculated  elect ro*u tic  potential  in  the  ring  plane  of  2- 
amjnopyrimidine  (a)  and  in  the  perpendicular  plane  passing  through  the 
exocydic  C-N  bond  (b).  Dashed  contours  correspond  to  negative  po- 
tenttals:  aero  contour  is  indicated.  Magnitudes  for  other  contours,  in 
kcal/mol,  are  -0.6.  -3.1.  -6.3.  -12.6.  -25.1.  -37.7.  -50.2.  -62*.  +3.1. 
+6.3.  +12.6.  +31.4.  +62.*.  +313.  and  +62*  The  locations  of  the  most 
negative  potentials  are  indicated,  and  their  values  arc  given  at  the  side 
of  the  figure. 


TABLE  I:  l»a  Hurts)  MM—  Aseedased  with  Syasnas  II.  UL  VT.  and 

vn* 


system 

values  of 
minima, 
kcal/mol 

site  with  which 
minimum  is 
associated 

2-aminopyrimidine  (II) 

-«2.5 

ring  nitrogens 

-79.2 

exocydic  nitrogen 

S<S-dimethyl-N-(2-pyrimklinyl)- 

-II2.S 

ring  nitrogen  on 

sulfilimine  (III) 

side  away  from 
-S(CH,), 

-104.4 

exocydic  nitrogen 

-76.2 

ring  nitrogen  on 
same  side  as 
-S(CHj)j 

2-amino- 5- nitropyrimidine  (VI) 

-6*9 

ring  nitrogens 

-57.2 

exocydic  nitrogen 
(amino  group) 

-54.2 

oxygens 

-37.3 

oxygens 

5,5-diinethyl-/V-(S-nitro-2- 

-99.7 

ring  nitrogen  on 

pyrlmidlnyDsalfillmlnc  (VII) 

side  away  from 
-SfCH,), 

-*9.0 

cxocydic  nitrogen 
(amino  group) 

-66.7,  -67.1 

oxygens 

-62.0 

ring  nitrogen  on 
same  side  as 

-S(CHj)j 

-30.9,  -53.0 

oxygens 

•The  values  given  in  this  table  are  for  the  abeohile  mini  me  in  the 
reglone  indicated.  Thus  they  will  not,  in  general,  be  the  same  as  the 
minima  in  Figures  3-6,  which  refer  only  to  the  planes  shown  in  the 
figures. 


Figure  4.  Calculated  elect  rot  talk  potential  in  the  ring  plane  of  SS-di- 
mcthyl-JV-(2-pyrimidinyl)sulfilimine  (a)  and  in  the  perpendicular  plane 
passing  through  the  cxocydic  C-N  bond  (b).  Dashed  contours  corre¬ 
spond  to  negative  potentials:  zero  contour  is  indicated.  Magnitudes  for 
other  contours  are  given  in  caption  to  Figure  3.  The  locations  of  the  most 
negative  potentials  are  indicated,  and  their  values  are  given  at  the  side 
of  the  figure. 


those  given  for  pyrimidine:  some  differences  are  of  course  to  be 
anticipated  due  to  the  effects  of  the  substituents  in  the  former. 

In  both  II  and  VI,  the  amino  group  is  calculated  to  be  pyramidal 
in  configuration.  It  is  interesting  to  note  that  the  presence  of  the 
-NOj  in  VI  is  not  sufficient  to  force  the  -NH2  into  a  planar 
configuration,  in  contrast  to  what  we  have  found  for  the  nitro- 
anilines,  also  at  the  STO-3G  level.15  In  the  latter  the  amino  group 
is  in  the  plane  of  the  ring,  unlike  aniline  itsdf.  which  the  STO-3G 
basis  correctly  predicts  to  have  a  pyramidal  -NH,  conformation.1'' 
(It  has  been  found,  by  us  and  by  others  as  well,  that  split-valence 
basis  sets,  such  as  the  6-3 IG,  are  not  reliable  for  predicting  -NH. 
conformations.  '*)  When  the  -NH 2  is  coplanar  with  the  ring,  it 
can  act  more  effectively  as  an  electron  donor  (through  resonance), 
in  response  to  the  strongly  electron-withdrawing  -NOj.  Evidently 
-NH]  does  not  conjugate  to  as  great  an  extent  with  the  pyrimidine 
ring  as  with  the  phenyl,  although  the  relatively  short  C-NH.  bond 
lengths  in  II  and  VJ  reflect  some  degree  of  double  bond  character 
and  indicate  that  some  conjugation  does  take  place.  (Typical 
aliphatic  C-N  bond  lengths  are  about  1 .47  A;  in  aniline,  however, 
this  distance  is  1.402  A.”)  These  findings  are  consistent  with 
the  decrease  in  aromatic  character  that  accompanies  the  re¬ 
placement  of  carbons  by  nitrogens  in  the  benzene  ring.13 

The  formation  of  the  sulfilimines  III  and  VII  causes  a  further 
shortening  of  these  C-N  bonds  (Figure  I ),  which  suggests  some 
shifting  of  electronic  charge  from  the  -N~-*S(CH))]  group  toward 
the  ring.  This  inference  will  be  confirmed  by  the  electrostatic 
potential  analysis.  Crystallographic  structure  determinations  have 
been  carried  out  for  a  number  of  sulfllimines/  all  of  them  un- 
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( 1 3)  Mtusr,  P.;  Abrahmsen,  L  ;  Sjoberg.  P.  J.  Am.  Chrm  See.  IS64. 106,  ,  _ 

*55.  ,r 

(14)  (•)  Palsy,  P.;  Fogarasl.O.;  Pin*.  F.;  Boggs.  3.  E  J.  Am.  Chem.  Soe 
IW,  101,  2350.  (b)  Lane,  P„  private  commanicetion. 
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Figure  5.  Calculated  electrasutic  potential  in  the  ring  plane  of  2- 
amino-5-nitropyrimidine  (a)  and  in  the  perpendicular  plane  passing 
through  the  cxocydic  C-N  bonds  (b).  Dashed  contours  correspond  to 
negative  potentials,  zero  contour  is  indicated.  Magnitudes  for  other 
contours  are  given  in  caption  to  Figure  J.  The  locations  of  the  most 
negative  potentials  are  indicated,  and  their  values  arc  given  at  the  side 
of  the  figure 

fortunately  quite  different  in  composition  from  III  and  VII. 
However,  the  S-N  distances  were  almost  always  found  to  be  within 
the  1.63-1. 68-A  range,  with  which  our  calculated  values  are  in 
excellent  agreement. 

A  final  structural  point  of  interest  concerns  the  possibility  of 
intramolecular  hydrogen  bonding  in  the  sulfilimines  III  and  VII. 
The  methyl  hydrogens  in  (CHj)jS  are  known  to  be  somewhat 
acidic,1*  and  it  is  conceivable  that  one  of  them  may  form  a  hy¬ 
drogen  bond  to  one  of  the  ring  nitrogens.  Our  calculated  structures 
are  consistent  with  a  weakly  attractive  interaction;  the  shortest 
separation  between  a  methyl  hydrogen  and  the  nearest  ring  ni¬ 
trogen  is  about  2.71  A  in  both  III  and  VII,  slightly  less  than  the 
sum  of  the  van  der  Waals  radii  of  hydrogen  and  nitrogen  (1.20 
and  1.56  A.  respectively’*). 

Electrostatic  Potentials.  The  calculated  electrostatic  potentials 
of  the  four  systems  of  present  interest  (II,  III,  VI,  and  VII)  are 
shown  in  Figures  3-6,  and  their  most  negative  values  (the  potential 
minima)  are  summarized  in  Table  I.  In  general,  there  are  rel¬ 
atively  strong  minima  associated  with  the  ring  nitrogens,  the 
cxocydic  amino  or  sulfilimino  nitrogens,  and  the  oxygens  of  the 
nitro  groups. 

Looking  first  at  2-aminopyrimidine  and  its  sulfliiminc  (II  and 
III),  which  are  involved  in  reaction  I .  our  results  confirm  the  bask 
premise  that  the  formation  of  the  latter  renders  the  exocydk 
nitrogen  more  negative;  its  potential  minimum  changes  from  -79.2 
keal/mol  in  II  to  -104.4  in  111.  The  ring  nitrogens  are  also 
affected;  the  one  closest  to  the  -SfCHj);  group  is  made  somewhat 


<  I  J)  <■)  Rothwdn.  E.  J.  Ckem.  Soc.  1*37, 309;  1.  Ckem.  Sac.  1*4*.  ISM; 
J.  Ckem.  Soc.  1933,  3991.  (b)  Woodward,  R.  B.;  East  mat,  R.  H.  /.  Am. 
Ckem.  Soc.  1*44,  68,  2229.  (c)  Straitwiaatr,  A.,  Jr  ;  Ewing,  S.  P.  J  Am. 
Ckem.  Soc.  1973,  97.  190. 

(16)  Bondi.  A.  J  Pkyt.  Ckem.  19*4.  68.  441. 


The  Journal  of  Physical  Chemistry.  Vol.  92.  No.  6.  1988  1439 


Flgurt  6.  Calculated  electrasutic  potential  in  the  ring  plane  of  S.S-di- 
methyl-N-(5-nitro-2-pyrimidinyl)sulfilimine  (a)  and  in  the  perpendicular 
plane  pasting  through  the  cxocydic  C-N  bonds  (b).  Dashed  contours 
correspond  to  negative  potentials:  zero  contour  is  indicated.  Magnitudes 
for  other  contours  are  given  in  caption  to  Figure  3.  The  locations  of  the 
most  negative  potentials  are  indicated,  and  their  values  arc  given  at  the 
tide  of  the  figure. 

more  positive,  presumably  reflecting  the  proximity  of  the  methyl 
hydrogen,  but  the  other  becomes  considerably  more  negative,  with 
a  minimum  of-1 12.8  kcal/mol.  This  remains,  therefore,  a  more 
attractive  site  for  the  initial  approach  of  an  electrophile  than  is 
the  exocyclic  nitrogen. 

However  the  most  striking  consequences  of  forming  the  sul- 
fllitnine,  in  the  case  of  2-aminopyrimidine.  are  found  above  and 
below  the  plane  of  the  ring  (compare  Figures  3b  and  4b).  In 
2-aminopyrimidine  (II)  as  in  pyrimidine  itself.1*  these  regions  are 
almost  entirely  positive,  with  the  only  exception  being  due  to  the 
lone  pair  of  the  -NHj  group.  (The  fact  that  the  presence  of  the 
-NH3.  a  strong  resonance  electron  donor,  does  not  produce  a 
negative  ring  potential  in  2-aminopyrimidine  is  further  evidence 
of  a  relatively  low  degree  of  conjugation.)  In  the  sulfliiminc  III. 
on  the  other  hand,  there  is  an  extensive  negative  electrostatic 
potential  above  and  below  the  ring.  This  is  a  very  significant 
development,  which  greatly  expands  the  spatial  regions  in  which 
an  electrophile  will  undergo  an  attractive  interaction  with  the 
molecule  and  should  considerably  increase  the  likelihood  of  the 
system  undergoing  electrophilk  attack.  While  such  stuck  is  most 
favored  at  the  ring  nitrogen  having  the  strongest  negative  elec¬ 
trostatic  potential,  its  likelihood  at  the  exocyclic  nitrogen  should 
also  be  much  enhanced. 

The  situation  is  quite  different  when  the  nitro  group  is  present, 
in  VI  and  VII.  The  potentials  associated  with  the  amino  nitrogen 
and  with  one  of  the  ring  nitrogens  are  again  made  more  negative 
by  the  formation  of  the  sulfliiminc.  but  the  magnitudes  are  now 
smaller,  due  to  the  electron- withdrawing  nature  of  -NO}  (Figures 
5  and  6).  The  amino  nitrogen  potential  changes  from  -57.2  to 


( 1 7)  Altnlof,  J.;  Johansen,  H.;  Ron,  B.;  Wihlgrsn,  U.  J  Electron  Spec- 
trosc.  Relat.  Phnom  1973,  2.  SI. 
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-89.0  kcal/mol.  while  the  ring  nitrogen  goes  front  -48.9  to  -99.7 
kcal/mol.  Most  significant,  however,  is  that  the  suffilimine  VII 
does  not  show  extended  negative  regions  above  and  below  the  ring 
(Figure  6b).  This  is  a  striking  difference  between  the  two  sul- 
filimincs  that  are  being  studied  and  indicates  that  III  should  be 
considerably  more  reactive  toward  electrophiles  than  is  VII. 


The  analysis  that  has  been  presented  shows  that  the  most 
negative  regions  in  these  molecules  are  associated  with  one  of  the 
ring  nitrogens  and  not  with  the  exocyclic  nitrogen  that  is  to  be 
oxidized.  This  is  true  in  the  sulfilmine  intermediates  as  well  as 
in  the  original  aminoazines.  An  important  new  feature  in  the  case 
of  sulfilimine  III  is  that  the  exocyclic  nitrogen  has  become  much 
more  accessible  to  electrophiles,  now  from  both  sides  of  the  ring 
plane  as  well  as  in  the  plane,  whereas  the  only  channel  of  approach 
in  the  original  azine  II  was  from  one  side  of  the  ring  plane 
(compare  Figures  3  and  4).  The  increase  in  accessibility  is  much 
greater  for  the  exocyclic  nitrogen  than  for  the  one  in  the  ring;  the 
latter  could  be  approached  from  either  side  of  the  ring  plane  even 
before  formation  of  the  sulfilimine.  since  its  lone-pair  potential 


extends  above  and  below  the  ring  plane,  unlike  that  of  the  exocyclic 
nitrogen. 

Thus,  while  the  most  reactive  site  for  initial  electrophilic  attack 
is  the  ring  nitrogen,  in  III  as  well  as  in  II,  the  possibility  of  the 
reaction  taking  place  at  the  exocyclic  nitrogen  is  significantly 
greater  in  the  sulfilimine.  Indeed,  as  mentioned  earlier,  a  33% 
yield  of  2-nitropyrimidine  (V)  was  obtained  from  sulfilimine  III.1 

The  introduction  of  the  -N02  group  in  position  S  prevents  the 
development  of  extensive,  relatively  strong  negative  electrostatic 
potentials  above  and  below  the  pyrimidine  ring  (Figure  6b). 
Accordingly,  there  does  not  occur,  in  VII,  the  considerable  increase 
in  electrophilic  accessibility  to  the  exocyclic  sulfilimine  nitrogen 
that  is  found  in  III.  We  suggest  that  this  is  at  least  part  of  the 
reason  why  oxidation  of  the  latter  nitrogen  in  VII  is  not  observed.5 
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20.  Abstract  (runt'd) 

oxidized.  An  important  new  feature  in  the  case  ot  III  is  the  development  of 
extensive  negative  potentials  above  and  below  the  ring  plane,  which  make  the 
exocycllc  nitrogen  much  more  accessible  to  electrophiles  than  it  is  in  11. 
Thus  the  possibility  of  oxidation  occurring  at  this  site  la  significantly 
greater  in  III  than  in  II.  The  presence  of  the  electron-withdrawing  -NO-  In 
VI  prevents  the  development  of  extensive,  relatively  strong  negative  regions 
above  and  below  the  ring;  accordingly  there  does  not  occur,  in  VII,  an  anal¬ 
ogous  Increase  In  electrophilic  accessibility  to  the  exocyclic  nitrogen. 
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